A Gram-stain-negative, moderately halophilic, motile bacterium, designated strain CP12
18.6 % between strain CP12 T and any of these species. The predominant respiratory isoprenoid quinone was ubiquinone-9
and the major cellular fatty acids of strain CP12 T were C 16 : 0 , C 12 : 0 3-OH, C 12 : 0 , Summed feature 3, C 16 : 0 10-methyl and C 18 : 1 !9c. On the basis of phenotypic properties, and phylogenetic and chemotaxonomic data, it is evident that strain CP12
T represents a novel species of the genus Marinobacter, for which the name Marinobacter halotolerans sp. nov. is proposed. The type strain is CP12 T (=KACC 18381 T =NBRC 110910 T ).
The genus Marinobacter was originally proposed by Gauthier et al. [1] and at the time of writing, the genus Marinobacter comprised 40 species with validly published names (www.bacterio.net/marinobacter.html). Additionally, six species of the genus Marinobacter were recently described: M. aromaticivorans [2] , M. halophilus [3] , M. nitratireducens [4] , M. salarius [5] , M. shengliensis [6] and M. similis [5] . Members of the genus Marinobacter are Gram-stainnegative, motile, halophilic, rod-shaped bacteria and the predominant isoprenoid quinone is Q-9 and major fatty acids are C 12 : 0, C 16 : 0, C 16 : 1 !9c, C 18 : 1 !9c and C 12 : 0 3-OH. These bacteria were isolated from seawater, sea sand, sea sediment, brine samples of a salt concentrator, a salt lake, saline soil, a saltern, wastewater, antarctic environment, an oil-producing well, coastal hydrothermal sediment, and coastal hot springs. The objective of this study was to determine the taxonomic position of strain CP12 T , which was isolated from a saltern crystallizing pond sample, by using polyphasic taxonomic approaches and propose a novel species of the genus Marinobacter.
Strain CP12
T was isolated from a crystallizing pond of a saltern (35 35¢ 43.64 † N 126 36¢ 44.86 † E) of Taepyung, which is located at Jeungdo on the Yellow Sea in Korea.
T was isolated by using the dilution plating method on marine agar (MA; Difco) with the addition of 8 % (w/v) NaCl [concentration, 10 % (w/v) NaCl] at 28 C for 7 days. The strain was stored at À80 C in this medium without agar and supplemented with 20 % (v/v) glycerol solution. In order to characterize strain CP12
T phenotypically, the isolate was routinely grown aerobically on MA and in marine broth (MB) supplemented with 1 % (w/v) NaCl [concentration, 3 % (w/v) NaCl] for 3 days at 37 C.
Cellular morphology and flagella arrangement were observed by using a transmission electron microscope (CM20T; Philips) with cells grown in MA with 1 % NaCl at 37 C for 2 days. Gram staining was performed by the Hucker method [7] . Catalase activity was determined by assessing bubble production in 3.0 % (w/v) H 2 O 2 [8] . Oxidase activity was tested using oxidase reagent (bioM erieux) according to the instructions of the manufacturer. Carbonsource utilization and enzyme activities were tested by using API 20NE, API 50CHB and API ZYM test kits (bioM erieux) inoculated with colonies suspended in 3 % NaCl (w/v) solution. Hydrolysis of casein, gelatin, starch and CM-cellulose were tested according to the standard methods described by Smibert and Krieg [9] . Growth at 4, 10, 15, 20, 25, 30, 37, 40, 45 and 50 C and at pH 4.0-11.0 (in increments of 0.5 pH unit, by using sodium acetate/acetic acid, Tris/HCl and glycine/NaOH buffers, respectively) was assessed in MB after 10 days. The NaCl concentrations (0, 0.1 and 0.5 %, w/ v, and 1-30 %, w/v, in increments of 1 %) for growth were tested in modified MB at pH 7.0.
The phenotypic characteristics of the novel isolate matched those of the genus Marinobacter in that the strain CP12 T was Gram-stain-negative, aerobic, oxidase-and catalasepositive, halophilic, motile and rod-shaped (Fig. S1 , available in the online Supplementary Material). Colonies were whitish-yellow, circular and flat with entire margins when grown for 3 days at 37 C on MA with 1 % (w/v) NaCl. Strain CP12
T grew at temperatures between 10 and 37 C, at pH 6.0-9.0 and in 0.5-20 % (w/v) NaCl. Optimal growth was observed at 37 C, at pH 7.0 and with 3 % (w/v) NaCl. The physiological and biochemical properties of strain CP12
T are shown in Table 1 and detailed in the species description.
For fatty acid analysis, strain CP12
T was cultivated on MA with 1 % NaCl (w/v) for 2 days at 37 C, according to the protocol of the Microbial Identification System (Microbial ID; MIDI) and identified by using the Microbial Identification software package (MIDI, database TSBA 40, version 4.5, [10] ). For chemotaxonomic analyses, freeze-dried cells were obtained from cultures grown in MB with 1 % NaCl (w/v), in a shaking incubator at 150 r.p.m. and 37 C for 10 days. Isoprenoid quinones were extracted using the procedure described by Collins [11] and separated by HPLC. Polar lipids were extracted using the procedures described by Minnikin et al. [12] . Total lipids were separated on silica gel plates by two-dimensional TLC with a solvent system composed of chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 15 : 12 : 4, by vol.) in the second direction. To detect spots and their colour reaction, 5 % ethanolic molybdatophosphoric acid, Dittmer's reagent, ninhydrin solution and a-naphthol reagent were used for all lipids, phospholipids, aminolipids, and glycolipids, respectively. The G+C content of the genomic DNA was determined by the HPLC method according to Mesbah et al. [13] .
The major cellular fatty acids (>10 %) of strain CP12
T were C 16 : 0 (18.4 %), C 12 : 0 3-OH (13.9 %), C 12 : 0 (12.3 %), summed feature 3 (comprising C 16 : 1 !7c and/or iso-C 15 : 0 2-OH, 13.3 %), C 16 : 0 10-methyl (11.9 %) and C 18 : 1 !9c T . All data were obtained in this study. All strains were catalase-and oxidase-positive, and negative for Gram staining, indole production and degradation of cellulose. +, Positive; À, negative; W, weakly positive. 
Acid from:
Assimilation of: Table 2 ). The predominant ubiquinone was Q-9.
The major polar lipids of strain CP12 T included diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, three unknown phosphoglycolipids and four unknown phospholipids. (Fig. S2) . The G+C content of the genomic DNA was 55.7 mol%.
Genomic DNA was extracted [14] from the isolate and the 16S rRNA gene sequence was amplified as described by Lee et al. [15] . The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved by using the EzTaxon-e server (www. ezbiocloud.net; [16] ). The 16S rRNA gene sequence was aligned with the published sequences of closely related bacteria using CLUSTAL W 2.1 software [17] . Phylogenetic trees were reconstructed by using three different methods: the neighbour-joining [18] , maximum-likelihood [19] and maximum-parsimony [20] algorithms within the MEGA5 program [21] . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's two-parameter model [22] . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed [23] . T and M. salsuginis SD-14B T , formed a subcluster, where it formed an internal and distinct sub-branch (Fig. 1) . Maximum-likelihood and maximum-parsimony methods (Figs S3 and S4) resulted in highly similar tree topologies, in which strain CP12
T formed an independent sub-branch along with those of M. algicola DG893 T and M. salsuginis SD-14B
T .
To determine genomic relatedness, DNA-DNA hybridization was performed using the method of Ezaki et al. [24] . Probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive DIG-High prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad 
%).
The generally recognized criteria for delineating bacterial species state that strains with a DNA-DNA relatedness of less than 70 %, as measured by hybridization, represent separate species [25] . The results of DNA-DNA hybridization analysis of the novel strain and reference strains showed that the DNA-DNA relatedness was less than 38.9 %, which is significantly lower than that generally accepted as the phylogenetic definition of a species.
Strain CP12
T could be easily distinguished from its most closely related species with respect to NaCl tolerance range, growth temperature range and pH range for growth. In addition, some physiological features, such as hydrolysis of aesculin, arginine, gelatin and urea, assimilation of arabinose, mannose, mannitol, gluconate and malate could differentiate strain CP12
T from closely related species (Table 1) . The fatty acid composition of strain CP12
T was similar to those of closely related species such as the presence of C 16 : 0 , C 12 : 0 3-OH, C 12 : 0 , summed feature 3 (comprising C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 16 : 0 10-methyl and C 18 : 1 !9c (Table 2) . T . Cellular fatty acids were obtained from cultures grown in MB (Difco) with 1 % NaCl, and incubated at 37 C for 2 days. Fatty acids that accounted for <1.0 % of the total in each strain are not shown. TR, Trace (<1 % of the total fatty acids); -, not detected. T with respect to other members of the genus Marinobacter. Bootstrap values (>50 %) based on 1000 replications are shown at branch nodes. This tree was reconstructed using the neighbour-joining method with Kimura's two-parameter distance matrix and pairwise deletion. Filled circles at nodes indicate generic branches that were also recovered by using maximum-likelihood and maximum-parsimony algorithms. Bar, 0.01 substitutions per nucleotide position.
Based on the combination of phenotypic and biochemical characteristics, as well as phylogenetic position, strain CP12
T is considered to represent a novel species of the genus Marinobacter, for which the name Marinobacter halotolerans sp. nov. is proposed.
DESCRIPTION OF MARINOBACTER HALOTOLERANS SP. NOV.
Marinobacter halotolerans (ha.lo.to¢le.rans. Gr. n. hals halos salt; L. pres. part. tolerans tolerating; N.L. part. adj. halotolerans salt-tolerating).
Cells were Gram-stain-negative, motile and non-sporeforming rods. Colonies are smooth, circular and whitishyellow on MA with 1 % NaCl after incubation for 3 days at 37 C. Growth occurs at 10-37 C (optimum 37 C). The pH range for growth is pH 6.0-9.0 (optimum pH 7.0). Growth occurs with 0.5-20 % (w/v) NaCl, but not with 25 % (optimum 3%NaCl). Oxidase-and catalase-positive. Gelatin and urea are hydrolysed but casein, cellulose (CM-cellulose) and starch are not hydrolysed. Acid is produced from D-galactose, aesculin, cellobiose, D-glucose and maltose, but not from glycerol, erythritol, D-arabinose, D-ribose, D-xylose, inositol, D-mannose, D-mannitol, lactose, sucrose, raffinose, D-fructose and D-sorbitol. In API 20NE tests, cells are positive for arginine dihydrolase, acid production from glucose, urease, aesculin hydrolysis, gelatinase, b-galactosidase and assimilation of D-glucose, arabinose, mannose, mannitol, Nacetylglucosamine, maltose, gluconate, malate, citrate and trisodium citrate, but negative for nitrate reduction and indole production. With the API ZYM strips, activities of acid phosphatase, lipase (C14), b-glucosidase and N-acetylb-glucosaminidase are detected but activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, a-mannosidase and a-fucosidase are not detected. The predominant cellular fatty acids are C 16 : 0 , C 12 : 0 3-OH, C 12 : 0 , summed feature 3 (comprising C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 16 : 0 10-methyl and C 18 : 1 !9c. Ubiquinone 9 is the major isoprenoid quinone. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, three unknown phosphoglycolipids and four unknown phospholipids.
The type strain, CP12
T (=KACC 18381 T =NBRC 110910 T ), was isolated from a crystallizing pond of a saltern at Jeungdo on the Yellow Sea in Korea. The DNA G+C content of the type strain is 55.7 mol%.
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